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 Using an electrical approach in the field of agriculture can be considered as 
one of the solutions in order to control harmful flying insects. This technique 
is based on the use of a bio and selective electrical insecticide whose 
principle consists in attracting insects by the light then get them electrocuted 
by an electrical discharge. Moreover, There are several parameters that affect 
the selectivity of electrical insecticide such as: the light, the most efficient, 
the inter electrode distance, where the insect is exterminated, and the electric 
current that passes through the insect’s body. In this paper, a simulation 
study was carried out concerning the distribution of the electric field between 
two electrodes in presence of particle conductor while focusing on the 
different body sizes. On the other hand, an experimental study was conducted 
on live locusts to determine the effect of electrical current on insect’s body 
taking into account the voltage and frequency. Finally, the results are 
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The plant world has been subjected to constant damages by insect pests for millennia. An estimated 
30 to 40% of crops are destroyed each year by insect pests in the absence of pest control. Faced with this 
dilemma, agriculture specialists tend to intervene by using various methods against insect pests: cultural, 
biological, and chemical. Until now the most used, if not the only one, are essentially of a chemical nature.     
The intensive use of these chemical insecticides either to destroy insect pests or to protect crops has 
led to the elimination of other non-target species [1] and has affected both the environment and human health 
(disruption of the nervous system, increase of cancerous diseases, allergies, etc.) [2]. Moreover, 
the intensification of chemical products has led to a significant change in insect populations and to the 
appearance of resistance layers which has become a phenomenon that is developing in a worrying 
way [3], [4]. The increasing usage of chemical doses cannot be separated from human and animal 
intoxication in a short or long term [5]. Numerous investigations have been undertaken in order to develop 
another means of exterminating pests without harming the workers and the environment but they have all 
failed in being selective [6], [7]. Ultimately, developing a selective method which can affect only undesired 
harmful species without targeting the non-harmful ones is so far regarded as impossible without the use of an 
electrical approach [8], [9]. This technique is considered as part of a systematic plan against household pests 
(flies and mosquitoes) [10]. 
 
 
2. THE PROPOSED APPROACH  
The principles of the electrical approach rely on the attractive effect (lights) and destructive effect 
(electrical discharge). The system is composed of a high electric voltage circuit responsible for controlling 
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the charging and discharging of the capacitors. To facilitate the infiltration of insects inside the device, 
secured and selective external metal meshes fence are placed in both sides, provided that the mesh size must 
be equal or superior to the size of the aimed insect. Furthermore, two fluorescents lamps (ultraviolet and 
green) are used to attract insects to the device. A mechanism for selective destruction is placed inside. 
It consists of parallel rods connected to a potential difference by an electrical circuit one of which is 
positively charged (anode) and another with a negative charge (cathode). The rods (forming an electrified 
fence) are spaced apart to define the inter-electrode gap in which the insects will be electrified then collected 
by a large bac placed on the bottom. The device has four supports at a certain height supplied with a voltage 





Figure 1. Description of the system 
 
 
The insects are attracted to the device by the light of the lamp. When they penetrate inside and reach 
the inter-electrode gap, a breaking air and an electrical discharge are produced. Then, the electric field 
distribution changes between the insect and the electrode interval. Only insects above a certain size will be 
electrocuted. The insects will be paralyzed only if the current does not exceed a certain threshold of intensity 
that depends on the power used and the conductivity of the insect.  
However, given the number of interactions between the species present, it makes it difficult to 
control only the targeted oness hence there is a need to review the influence of some parameters on the 
selectivity of the system which consists in finding the right and correct values of the parameters that will 
make the model of control be both specific and selective. Among these parameters, there is an optique 
parameter (light), electrical parameter (the current through the body of the insect) and the geometric 
parameter (external metal meshes fence and inter-electrode distance).Very limited research have been 
undertaken concerning the conductivity of the insects. The electrical properties of biological tissues depend 
on the conductivity. It was discovered that it exists a transition frequency that is involved in the conductivity 
which allows the current to pass through the body parts [12], [13].   
In the present study, the issue under scrutiny is the parameters that affect on the selectivity of the 
electrical insecticide. Previous studies have already proven that insects are attracted to light [14], [15]. 
Concerning the influence of inter-electrode distance on the electric-discharge, a simulation study was 
performed in the presence of a conductive body. Finally, an experimental study was conducting in the 
laboratory on live locusts of same weight and size to discover why the insects behave the way they do with 
the electric current.  
 
 
3. RESEARCH METHOD  
The electric field distributions between the two electrodes interrelated to a voltage was performed 
using a software calling COMSOL version 2 (Multiphysics) to determine the importance of the geometrical 
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parts of the bigrille on the rupture of the air gap. The inter electrode distance and the voltage are fixed during 
the simulation study. Moreover, several measurements were made in order to measure the current under the 
influence the frequency and voltage. The experimental set is composed mainly of function generator and an 
ammeter. The measurement of the current was done by planting two electrodes into the body’s insect 
between two points, one of them connected to the alternative generator function type (PM 5192 PHILIPS; 
0.1 mHz-20 MHz), and the second one to the an ammeter (a measuring device that gives straight forwardly 
the current value according to the settings). At the beginning, we gradually varied the frequency from 50 Hz 
to 900 kHz at fixed AC applied voltage of 1.76 V, 3.5, 5.3 and 7.07 V), then we fixed the frequency at 
200 KHz and 500 KHz and varied the voltage from 1.76 V, 3.5 V, 5.3 V and 7.07 V. These values are in fact 
imposed by the function generator. With an ammeter, we measured the current passing through the body of 
insect. In order to determine the effect of parameters simultaneously we suggested an approach that adopts 
the design of experiments method and which consists of increasing the levels of parameters at the same time 
during each experimental trial in order to study only certain points of the experimental field which highlight 
the potential interactions that link these parameters [16], [17] by using the jmp’s custom designer version 07 
(calculation software for statistical graphics) [18]. 
 
 
4. RESULTS AND ANALYSIS  
In this section, the results of both simulation and  experimental study are explained. 
 
4.1.  Influence of the inter electrode distance  
The electric field distributions change between the two electrodes with the presence of a conductive 
body. A discharge is produced between one of the electrods and the conducting particle then followed by 
another discharge between the particle and the second electrode similar to the case of an insect between the 
anodic and cathode electrodes. There will be two intervals: d1 (anode electrode-body) and d2 (body-cathode 
electrode). Figure 2 shows the lines changes of the electric field with presence of a conductive particle. 
The electric field distribution is increasing in the shorter interval « anode-particle » Figure 2 (a). The applied 
voltage is sufficient to cause a breakdown interval, Figure 2 (b). There is no effect if the particle is smaller 
than the inter electrode distance, Figure 2 (c). The simulation allowed us to show the influence of the inter 
electrode distance on the electric field distribution. The more the distance is shorter, the more the discharge is 













Figure 2. Changing lines of electric field in the presence of a conductive particle for 
(a) first electric discharge between anodic electrode and insect, 
(b) the electric discharge between two electrodes, (c) no observable effect 
 
 
4.2.  Influence of frequency at fixed voltage  
In this section, several measurements were conducted on locusts to discover the influence of the 
frequency and voltage on the current through the insect’s body. The frequency is varied from 50 Hz to 900 
KHz at fixed applied voltage of 1.76 V, 3.5 V, 5.3 V and 7.07 V. Figure 3 shows different threshold of 
current during the increasing frequency when subjected to applied voltage of 1.76 V, 3.5 V, 5.3 V and 
7.07 V. It can be deduced that there is no response below 200 KHz for all voltage values used. Beyond the 
frequence of 200 KHz, the insect becomes aware of the flow of electric current through its body. 
The behavior of the insect varies between perception responses sensations (whiskers movement, paw) to a 
severe reaction (immobilization). The latest reaction is obtained for (1.54 mA; 800 KHz) for 1.76 V, 
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(1.95 mA ; 600 KHz) for 3.5 V, (1.99 mA ;400 KHz) for 5.3 V and (3.20 mA; 200 KHz) for 7.07 V. Figure 3 
analysizes the Current threshold according to the frequency of different voltages as explained below: 
Figure 3 (a) the measurement obtained for 1.76 V shows that there is a sensation threshold of 0.9 mA and a 
frequency of 500 KHz. Beyond this frequency, the responses start to become severe followed directly by the 
immobilization threshold from 1.54 mA and 800 KHz, Figure 3 (b) for a voltage of 3.5 V, we obtained 
sensation threshold of 1.38 mA with a frequency of 200 KHz. From this level, the thresholds varied to a 
severe reaction and the insect becomes inactive for 1.95 mA and 600 KHz. Figure 3 (c) for the voltage of 
5.3 V, the threshold reaches a severe response of a value of 1.95 mA and frequency 200 KHz followed 
directly by the immobilization threshold for 1.99 mA and a frequency of 400 KHz. Figure 3 (d) for 7.07 V, 













Figure 3. Current threshold for a voltage of (a) 1.76 V, (b) 3.5 V, (c) 5.3 V, (d) 7.07 V 
 
 
4.3.  Influence of voltage at fixed frequency 
The measurements consist in varying the voltage from 1.76 V, 3.5 V, 5.3 V and 7.07 V at fixed 
frequency of 200 KHz and 500 KHz. The Figure 4 below shows that the current varies for each frequency. 
The more the voltage increases, the more the current increases with increasing frequency as well. 
Figure 4 (a), the insect becomes inactive for 3.5 mA and 7 V at frequency of 200 KHz. Figure 4 (b), the 
insect becomes inactive for 2.5 mA (5V) at frequency of 500 KHz. 
The above results are summarized as follow: No physiological effect was observed below 0.9 mA in 
locusts compared to humans, the perception is 0.5 mA for the frequency of 50 Hz and it is approximately 
12 mA (man) and 8 mA (woman) for 10 KHz. In livestock no response is observed under 2 mA (2V) for the 
frequency of 50 Hz [19], [20].  The threshold current depends of the conductivity of the insect. However, the 
immobilization of the insect is achieved by varying the frequency or voltage. In order to increase those 
parameters simultaneously, we suggested an approach that adopts the design of experiments method. 
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Figure 4. Current threshold for (a) F= 200 KHz and (b) F= 500 KHz 
 
 
4.4.  Influence of frequency and voltage simultaneously 
The simultaneous increase of parameters at each experimental run was performed using the design 
of experimental method. The later consists in studying only certains points of experimental in order to 
determine the interaction that links these parameters. The classical measures consisted in determining the 
level of all variables except one and measuring the response for various values of this variable. It follows that 
the decision to stop or continue the tests rests mainly on the results obtained gradually, step by step. 
The variation of the intervals is chosen according to the responses obtained with the preliminary 
measurements. Table 1 shows the field of study of frequency and voltage between two levels for low level: 
200 KHz for the frequency, 3.5 V for the voltage and high level: 900 KHz for the frequency, 7.07 for the 
voltage. The frequency of 500 KHz and voltage of 5.3 V are values at the center of the field. Once the 
experimental measurements are introduced, the software predicts the responses by using calculation software 
called jmp (custom designer version 07).  
 
 
Table 1. The Field of Study 
Parameters Low level center High Level 
Frequency (KHz) 200 550 900 
Voltage (V) 3.5 5.3 7.07 
 
 
The following provides clearly the influence of frequency and voltage simultaneously on the 
current, which means that the frequency and the voltage have a positive effect on the current, i.e., when one 
of the parameters decreases, the current is reduced. 2.64 mA is a coefficient model calculated with the 
software in the centre of the study for 549.92 KHz and 5.295 V. Figure 5 shows the effect of the parameters 
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Additionally, the software can allow the current to vary by modifying the levels of frequency and 
voltage by looking for levels that promote the value to be obtained [21]. Figure 6 shows the modifying levels, 
3.24 is a predicted value of response changes by dragging a factor value. 705.8 and 4.99:Value of factors 





Figure 6. The modifying levels 
 
 
The result obtained allows us to use a selective and electric system in order to control a certain 
category of insects compared to other methods which affect all animals. The selectivity of electrical 




The immobilization of the insect is achieved by varying the frequency or voltage. As a matter of 
fact, the increase of factors simultaneously with the design of experimental method showed easier and precise 
results and proved that frequency is more significant than a voltage. The insects’sensitivity to current 
depends of these parameters. The electrical system has many advantages that could be interesting than the 
chemical method and other methods already used due to the reasons that it is considered as  non pollutant,  
nontoxic, selective,  can be monitoring nearby and be powered with a photovoltaic system.   
We are considering carrying out theoretical and experimental studies focusing on other types of 
insects other than locusts. The development of a selective strategy could be widely used only if researchers in 
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